Intra-articular infusion of local anaesthetic after joint arthroplasty is attractive in that it is simple and will not cause motor block. However, the efficacy of the technique has yet to be established. We enrolled 66 patients scheduled for unilateral total knee arthroplasty under general anaesthesia and single-shot femoral and sciatic nerve blocks. All patients had an intra-articular Painbuster ® device sited at the end of the procedure. Patients were then randomised to control or one of two treatment arms -low-dose and high-dose ropivacaine. In the control group the balloon was filled with saline, in the low-dose group with 0.2% ropivacaine and in the high-dose group 0.375% ropivacaine. The catheters were infused continuously for 48 hours and then removed. Patients were followed up daily for three days to determine pain scores, opioid consumption and subjective assessment of the analgesic efficacy of the catheter. Data were analysed for 30 controls and 31 in the treatment arms. Both groups were similar. There were no significant differences between the control and treatment groups at all time points after adjustment for age. Patients in the high-dose group had higher pain scores and higher opioid consumption than the control groups from 24 to 48 hours. There were two cases of infection, both in the treatment groups.
There are a variety of techniques used in the management of postoperative pain after total knee arthroplasty. Single-shot regional blocks provide good pain control in the immediate postoperative period but rarely persist beyond 24 hours. The efficacy of continuous femoral nerve infusion over opioid regimens is well-established and approximates that of epidural infusion for postoperative analgesia 1, 2 . It has advantages over the epidural route with a reduced level of 'complexity' of care, complications and easier mobilisation, especially of the non-operative side.
Continuous wound instillation with local anaesthetic has enjoyed some popularity for many procedures with the advent of reliable elastomeric pumps and multi-hole catheters. A potential advantage of intra-articular infusion of local anaesthetic is that it allows early physiotherapy without motor blockade of the quadriceps muscle.
However, its efficacy is yet to be established. A retrospective study involving intra-articular infusion of local anaesthetic after knee arthroplasty yielded encouraging results with reduced opioid consumption but did not involve any regional anaesthetic technique 3 .
The aim of this study was to compare the efficacy of intra-articular local anaesthetic with placebo infused over 48 hours after unilateral total knee arthroplasty. We were particularly interested in the time period from 24 to 48 hours postoperatively as, in our experience, this is the time period of maximum discomfort when the intraoperative nerve blocks have worn off. A secondary aim was to look for evidence of a dose effect by using two different concentrations of local anaesthetic.
MATERIALS AND METHODS
After approval from the Tasmanian Human Research Ethics Network, 66 consenting adults were enrolled into the study. Patients were allocated to one of three groups using permuted block randomisation with blocks of eight (ratio 2:1:1 controls : low-dose : high-dose) with a final block of four. The randomisation occurred after surgery had commenced and the process took place in the pharmacy department, where the 270 ml elastomeric balloon of an On-Q ® PainBuster ® 5 ml/hour 6.5 cm soaker catheter delivery system (I-Flow Corporation, California, USA) was filled with 240 ml of normal saline (control), 0.2% ropivacaine (low-dose) or 0.375% ropivacaine (high-dose). Group allocation was known only by pharmacy staff who took no other part in the trial. Allocation and group identity were only revealed after all data had been collected and checked for consistency. Where allocations were made and no data collected, the allocation was reissued by the pharmacy at a later date to ensure that the numbers in each group were balanced.
A total of 70 patients were assessed for eligibility. Two were excluded (one having bilateral knee replacements and the other with a marked intolerance to morphine) and two refused. Thus, 66 patients were randomised. The final six received the allocations of patients who were randomised but on whom no postoperative data were collected due to administrative reasons. Data assumed to be missing for one patient (in the high-dose group) were actually misplaced, so there was an additional allocation to that group.
Demographic data collected were age, gender, weight and ASA physical status score. All patients underwent general anaesthesia. The technique was not fixed but precluded the use of ketamine or high-dose opioids. Prior to induction, femoral and anterior sciatic nerve blocks were performed using a nerve stimulator. Ropivacaine 0.75% 100 mg was used for each block. The surgical approach was similar for all patients (medial parapatellar) and an intra-articular drain and the PainBuster ® catheter were both sited into either side of the joint by the surgeon prior to closure of the knee capsule. The elastomeric balloon (pre-filled in pharmacy) was attached and the infusion commenced in the postanaesthesia care unit (PACu). Data recorded included operation time, PACu time until ward readiness, intraoperative morphine administered and PACu morphine required. Ability to obtain nerve stimulation during performance and evidence of block success assessed in PACu (motor block, sensory block to ice) were recorded for each block on a three-point scale (certain, not certain, unable) and block success defined as all "certain" or a maximum of one "uncertain".
Patients were prescribed intermittent subcutaneous morphine pro re nata (prn) according to a protocol that allows a dose frequency as short as one hour. The use of oral opioid analgesia was encouraged and oxycodone was available two-hourly on demand. Virtually all patients received regular paracetamol, but non-steroidal analgesics were precluded in the study design as they are not uniformly tolerated and are contraindicated in some patients.
Patients were visited 24, 48 and 72 hours after surgery and the following data recorded: verbal numerical rating scores for pain at rest, on movement, maximal pain intensity and average pain over the previous 24 hours. Subjective assessment of analgesic efficacy was recorded on a five-point scale in answer to the question "How effective do you think the catheter has been at relieving your pain?" with 1=excellent, 2=good, 3=neutral, 4=poor and 5=very poor/made it worse. Morphine and oxycodone consumption were also recorded, along with the presence of any major adverse events. The PainBuster ® catheter was removed at 48 hours along with the articular drain (unless there was persistent drainage). Patient notes were reviewed at discharge to determine length of stay and the presence of any serious adverse events.
Statistical analyses
The sample size was based on previous studies [1] [2] [3] [4] in which the average visual analogue score for pain on movement on day two was 50 mm (standard deviation 30) for patients with morphine alone. The average equivalent morphine consumption was approximately 30 mg on day two (standard deviation 10). Accepting a threshold P value (α) of 0.05 and a power of 80%, 16 patients per group would be required to detect a 30% reduction in morphine use and 23 patients would be required to detect a 25 mm reduction in visual analogue scale. Neither measure is strictly normally distributed. We elected to use verbal numerical rating scores rather than the visual analogue scale. Since we planned to use non-parametric statistics and to look at any efficacy by dose-dependence, we decided to enrol at least 60 patients (30 controls and 15 each to the low-and high-dose groups).
The analysis was predetermined to be in two stages. In stage one, primary end-points of movement pain and opioid consumption at 48 hours were compared between the control and treatment groups using a Wilcoxon rank test. If significant at P <0.05, an adjustment was made for age using ordinal logistic regression. In stage two the three groups were compared to look for an increasing effect of ropivacaine dose/concentration as stronger evidence of treatment effect. Pain scores, subjective assessment of analgesic efficacy scores and opioid consumption were compared using a kruskall-Wallis test and the opioid consumption also analysed with ordinal logistical regression adjusting for age.
Other tests for group homogeneity and exploratory analyses included Student's t-test for continuous variables and Fisher's exact test for categorical variables. All analyses were performed using Stata/ IC 10.0 (Stata Corporation, Texas, uSA).
RESuLTS
In all, there were data for 61 allocations. There were missing data of primary end-points in one patient in the high-dose group. The groups were demographically similar (Table 1) , although the average age in the control group was older and they were more likely to have the procedure in the public hospital. The groups were well-matched on most variables recorded in the first 24 hours ( Table 2) . This was to be expected, as all patients had similar treatment and the regional nerve blocks performed would be anticipated to be effective for most of that time.
The second data epoch (24 to 48 hours) should have reflected any differences in the group due to the intervention, as all blocks would have been expected to have worn off. These results are shown in Table 3 . The difference in oxycodone consumption was not significant (P=0.148) when adjusted for age in an ordinal logistic regression model. However, the secondary analysis demonstrated statistically significant increases for both pain scores and opioid consumption for the high-dose group vs control, even when age was taken into account. These results are shown in Table 4 .
The final data epoch (48 to 72 hours) would have been expected to have few differences between groups since the intra-articular catheter was removed at 48 hours. Again there was greater oxycodone use in the treatment group (particularly the high-dose group) but not when adjusted for age (ordinal logistic regression, P=0.13). Finally, the lengths of stay were similar in each Group (Table 5) .
DISCuSSION
There was no positive benefit of intra-articular infusion of local anaesthetic after knee replacement demonstrated in this study. Group differences from 24 to 48 hours would have been expected to be due to intra-articular local anaesthetic or random effects. Surprisingly, the group that had the higher concentration of ropivacaine had higher pain scores and required more analgesia.
This lack of efficacy is supported by other studies in the literature for intra-articular bupivacaine infusion after knee replacement 5 , anterior cruciate ligament reconstruction [6] [7] [8] and arthroscopic rotator cuff repair 9 . The latter study also used two different doses of local anaesthetic and noted a non-significant trend towards higher pain scores and opioid consumption in the group that received the larger dose. Only one of these studies used any form of regional anaesthesia 7 . Wound infiltration combined with intra-articular injection of local anaesthetics has been shown to be superior to lumbar epidural analgesia after total hip arthroplasty 10 . This may be more to do with the wound infiltration than the intra-articular infusion 11 .
The overall lack of efficacy might be explained by the presence of wound drains. A previous study has suggested that drug loss through drainage may exceed 25% 5 .
The methodology of this study differs from many similar studies in that patient-controlled morphine analgesia was not used as the comparator for opioid consumption. Since the introduction of a flexible subcutaneous morphine protocol at our hospital several years ago, the use of patient-controlled analgesia has declined markedly. Also, most patients are using oral analgesics only from 24 hours postoperatively. The pain scores and opioid consumption in both groups were consistent with previously published data that were used to generate the sample size calculation; therefore we do not believe that this study was underpowered. The use of adjustments for age as a covariant with small sample sizes may appear as 'over-analysis'. However, despite the apparent similarity of ages between the groups, age is such a strong predictor of opioid requirement 12 that small differences can lead to erroneous conclusions. We would argue that age should always be adjusted for in the analysis of opioid use (rather like using cardiac index rather than cardiac output).
This study did not measure functional outcomes. This was a deliberate omission based on the lack of uniformity of physiotherapy practices between the two hospitals and between surgeons in the applications of knee bandages. It was also felt that unless there were significant differences in pain experiences, the chance of different functional outcomes was remote.
It is difficult to explain the apparent poorer pain control in the higher dose ropivacaine group. This result may well be due to chance alone but there are other possible explanations including some unmeasured confounder(s). The patients in the treatment group were not only younger but more likely to have the operation performed in the public hospital. This might mean that they had waited longer in pain for their operation and that their pain was not isolated to the operative site.
Duration of effectiveness of the nerve blocks was not assessed and it is possible that patients in the high-dose group had less effective blocks than in the other two groups. There was greater evidence of block success in the control group. Exploratory analysis confirmed that block 'failure' was associated with significantly higher average movement and maximum pain scores in the first 24 hours (using linear regression) but not with opioid consumption. There was no correlation between block failure and any measured outcome in the 24 to 48 hour period.
We did not measure plasma concentrations but no signs or symptoms that could be explained by systemic toxicity were reported during the trial and previous studies have reported safe levels of plasma ropivacaine after extensive infiltration followed by intra-articular infusion 13 . The safety of intra-articular infusion in terms of potential joint infection has not been fully established. The published literature includes 126 retrospective cases with no infections but five cases of prolonged wound drainage 3, 4 .
The complication rate in this study (two infected knees in 61 cases) is higher than the international literature but the sample size is too small to draw meaningful conclusions 14, 15 . It would be a concern if it were to be replicated over a larger number of knee replacements and might reflect the presence of an intra-articular catheter.
In conclusion, we could identify no positive benefit of intra-articular infusion of local anaesthetic after total knee arthroplasty either in our study or in the literature.
